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APPARATUS FOR MAGNETIC RESONANCE
IMAGING

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional

Application Ser. No. 60/486,240, which was filed on Jul. 11,
2003, the entire contents of which 1s hereby incorporated
herein by reference.

BACKGROUND OF THE INVENTION

The invention relates to an apparatus for MRI (Magnetic
Resonance Imaging) including a scanner, a support for the
patient, and supporting benches for supporting the scanner
and the patient.

It 1s well known from prior art to make a Magnetic Reso-
nance Imaging apparatus comprising means for supporting
the patient in different ways, and having one or more degrees
of freedom with respect to the scanner. It 1s also well known
from prior art to use means for supporting and moving the
scanner 1tself with respect to the room where the examination
takes place and with respect to the patient himself. Prior art
apparatus have some problems as regards the correct posi-
tioming of the patient: the patient often has to take unnatural
positions during the examination in order to examine a par-
ticular part ol his body, and he needs to be repositioned to scan
the different body parts in the correct way. Especially 1n prior
art MRI apparatus wherein the scanner 1s free to move with
respect to the patient support, the examination needs a fre-
quent and time-wasting 1nitial phase of positioning, since the
medical stall has to set the position of the scanner and the
patient support 1in such a way to obtain the best results in
imaging the part of the patient body under examination.

Moreover, prior art apparatus with the scanner joined to the
patient support are often not optimized, since the volume that
1s used 1s larger than the necessary volume, this leads to have
an examination room larger than necessary.

Particularly in known MRI apparatus there 1s often a part of
the examination room whose function 1s to contain the data
processor and 1ts related devices for processing data and
displaying results, as well as the control unit, 1.e., the electric/
clectronic devices for controlling the scanner and the patient
table motion. This fact leads to a non-optimal space manage-
ment since a large part of the room 1s used to contain such
devices.

Moreover, 1t has been found in prior art apparatus that there
1s another area that 1s not used, 1.¢., the area under the patient
support and the area under the scanner. Usually 1n known
apparatus two different benches are provided, one for sup-
porting the scanner and one for supporting the patient sup-
port, both of them are made 1n such a way so that they can be
used for supporting the scanner or the patient support. Even in
the prior art apparatus wherein the scanner 1s moved together
with the patient support, the benches are different, and their
only function is to move the scanner and the patient supportin
their respective correct positions, in this case in fact they
always include only means for moving, such as electric
engine, guides and so on.

In the case of separated benches for individually support-
ing the scanner and the patient support that have to be moved
together there 1s another problem, they need some lines to
transmit the signals from the control unit from/to the scanner,
from the control unit from/to the patient support, and from the
scanner itselt to/from the displaying devices and from/to all
of the said elements, and this causes dedicated lines, that must
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be usually positioned under the wall or under the tfloor, having
the evident drawback that they raise when the apparatus has to
be moved or installed from a room to another dedicated one.

OBJECTS AND SUMMARY

An object of the invention 1s to provide an MRI apparatus
that 1s able to overcome said disadvantages above mentioned.

This will be achieved by an embodiment of the invention in
which said scanner and said patient support are mounted with
at least one degree of freedom on one and the same supporting
bench.

This leads to some specific advantages, that will solve the
above mentioned problems related to the prior art.

First of all the fact that the scanner and the patient support
are mounted together on the same bench allows an important
reduction of the used volume, and the above mentioned prob-
lem regarding the line 1s also solved: the lines from the scan-
ner to/from the patient support are located 1nside the bench
itselt, this causes less problems when 1nstalling or moving the
MRI apparatus from/to another room, 1n fact the above men-
tioned lines are internal to the bench, being not necessary to
locate them under the floor or the walls.

Moreover, the embodiment according to the present inven-
tion has a height from ground substantially equal to the height
of patient support from ground minus the thickness of the
patient support itself, and this 1s an important advantage,
because the substantially rounded external shape of the
bench, 1n combination with its height leads to a kind of bench
that 1s not particularly wide, but at the same time 1t 1s sufficient
for containing all the means for moving and positioning the
scanner and the patient support. Moreover, the supporting
bench embodiment of the present invention allows the patient
to stand still during the examination, since the internal part of
the scanner examination cavity where the patient uses to lay
his body part under examination 1s substantially as the same
height of the patient himself, 1n such a way that the patient
stands 1n an examination position and he 1s not under physical
stress and he can stand still during the examination process.

The invention addresses further improvements, which
form the subject of the dependant claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the invention and the advantages derived
therefrom will appear more clearly from the following
description of some embodiments by way of example, 1llus-
trated without limitation 1n the accompanying drawings, in
which:

FIG. 1 1s a perspective view of a first embodiment of the
invention wherein the bench (3) of the invention has an exter-
nal substantially rounded shape, and 1ts overview shape 1s a
T-shape.

FIGS. 2, 3 and 4 are top plan views of the possible motions
of the invention embodiment of FIG. 1

FIG. 5 1s a perspective view of a second embodiment of the
invention wherein the bench (3) of the invention has a differ-
ent symmetrical external shape.

FIGS. 6 and 7 are top plan views of two possible motions of
the invention embodiment of FIG. 3.

FIG. 8 1s a cross sectional view of the bench of FIG. 5.

FIG. 9 15 a perspective view of a third embodiment of the
invention in which the bench (3) of the invention has an
external rounded shape and its overview shape has only a
longitudinal extension.

FIGS. 10 and 11 are top plan views of two possible motions
of the imnvention embodiment of FIG. 9.
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FI1G. 12 1s a perspective view of a fourth embodiment of the
invention wherein the bench (3) of the invention has an exter-
nal rounded shape and 1ts overview shape has only a limited
longitudinal extension.

FIGS. 13, 14, and 15 are top plan views of different

motions of the invention embodiment of FIG. 12.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The first embodiment of FI1G. 1 relates to a particular bench
3 according to the present invention wherein the external
shape of the bench 3 itself 1s a substantially rounded shape,
moreover 1n this embodiment the bench 3 has an overview
T-shape: the scanner 1 1s mounted over the elongated part of
the T-shaped bench 3 while the patient support 2 1s mounted
on a different part of the bench which 1s perpendicular to the
clongated part 1n such a way to form an overview T-shape.
The patient support bench 103 of the patient support 2 is
mounted on a guide 204 which allows 1t to move along said
guide 204. The scanner 1 1s mounted on a scanner guide 104
which, 1n this particular embodiment, 1s perpendicular to the
patient support guide 204, and said scanner guide 104 1s
mounted on the top and along the longitudinal extension of
the bench 3. Between the scanner 1 and the patient support 2,
known guides 4 for rotation/translation are provided in order
to achieve the possible motions of FIGS. 2, 3 and 4, which
guides 4 are positioned between the patient support 2 and the
patient support bench 103 and between the scanner 1 and the
scanner guide 104 and between the patient support bench 103
and the patient support guide 204. Thus it 1s possible to obtain
the motions and the different examination positions illus-
trated in FIGS. 2, 3 and 4. Particularly FIG. 2 1illustrates the
examination position for patient leg: in this figure the scanner
1 1s positioned 1n the middle of the bench 104 and stands 1n
front of the patient support 2, allowing the patient to introduce
in the scanner cavity his lower part of the body. Moreover,
thanks to the above mentioned guide for rotation/translation,
it 1s possible to move the scanner 1 along the bench 3, as
shown by black arrows, while positioning the patient support
2 by rotating and/or translating the patient support 2 itself, as
shown by black arrows. Thus 1t 1s possible to position even
patients that can not move their legs, by positioning the
patient himself on the patient support 2 and then rotating the
patient support in position, 1.¢., perpendicular to the bench 3,
and then translating the patient support in direction of the
scanner, 1n such a way that the patient 1s able to introduce the
leg to be examined 1nto the examination cavity of the scanner
1 itself. By moving the scanner 1 along the bench 3 1t 1s
possible to position the scanner and the scanner examination
cavity over the lett or right leg of the patient. In FIGS. 3 and
4 are 1llustrated the positions of the patient support 2 and the
scanner 1 along the bench 3 for arm/shoulder examination.
Particularly, F1G. 3 shows the position for rnight arm/shoulder
examination and FI1G. 4 for left arm/shoulder examination. In
FIGS. 2, 3 and 4 it can be clearly seen that the volume that 1s
used for the different apparatus positions 1s not bigger than
the length of the bench 3 1tself and not bigger than the length
of the patient support, this allows a space-saving, as said
above.

Furthermore FIGS. 1, 5, 9, and 12 clearly show that the
bench 3, 303, 403, 503 has an height from ground substan-
tially equal to the height of the patient support 2, 302, 402,
502 from ground minus the thickness of the patient support 2,
302, 402, 502 1tself, and/or an height from ground substan-
tially equal to the height of patient support 2, 302, 402, 502
from ground minus the thickness of the lower part of the
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scanner examination cavity. This 1s a great advantage, 1n fact
such height 1s useful 1n order to position the patient under
examination in a comiortable way, allowing the patient to rest
during the examination 1n a steady position, leading to a better
and shorter imaging process.

Itwill be noticed 1n FIG. 1 that the total height of the patient
support bench 103 corresponds to the height of the bench 3,
and 1t 1s possible to remove the patient support guide 204,
having a T-shaped fixed bench, where the patient support
bench 103 1s simply a perpendicular extension of the main
bench 3.

The positioning 1illustrated in FIGS. 2, 3 and 4 are only
examples of the possible positioning between the bench 3 and
the patient support 2; moreover the positioning may be
manual or may be driven by electric/electronic devices not
shown 1n figures, being known art.

Furthermore 1n the above figures there are not illustrated
the above mentioned rotating/translating devices, the same
being obvious for the person skilled 1n the art.

In FIG. 5 1s illustrated another preferred embodiment o the
invention, wherein the bench 303 has only a longitudinal
extension, but having a particular cross section. In this pre-
terred embodiment the scanner 301 is secured at one end of
the bench 303 1n side position with respect to the longitudinal
extension of the bench 303 itself, while the patient support
302 canrotate and/or translate along the bench 303 in order to
introduce the patient part under examination inside the
examination cavity of the scanner. It should be noted from
FIGS. 6 and 7 that the patient support 302 may translate and
rotate along the bench 303 1n the direction illustrated by black
arrows. This leads to a short examination apparatus 1n which
the T-shape figured out 1n FIG. 1 1s not necessary, and in
which the scanner 1 1tself 1s fixed. In this case the advantages
are that the whole space that has been used 1s even less than
the space used 1n the apparatus shown in FIG. 1, and the
clectric/electronic driving for the positioning 1s easier. In this
case 1t 1s possible also to have manual driving means that are
casy to use and simple to make. Even 1n this case, as 1n
embodiments shown in FIGS. 1,9 and 12, 1t 1s evident that the
height of the bench 1s optimal for positioning the patient on
the patient support, in fact, the height of patient support is the
normal sitting height for a person, this leading to a comfort-
able movements for the patient, moreover, by using the bench
303 according to the invention, the heights of the scanner 301
and the patient support 302 with respect with each other,
allow the patient body parts under examination to lay 1n a
comiortably position for the patient itself.

In FIGS. 6 and 7 are shown the different positioning for
leg/Tfoot examination and arm/shoulder examination respec-
tively, obtained by the rotation/translation of the patient sup-
port 302 along the patient support guide 304 positioned on the
top of the bench 303, as shown also 1n FIG. 5. In this particular
preferred embodiment the bench 303 has a particular sym-
metrical cross section, shown 1n FIG. 8. this cross section
shows a central arched part ending on both sides with two
supporting wings 305 forming each one a lateral groove. Each
wing 305 starts from the ending lateral edge of the arched part
and has a planar surface in this preferred embodiment, the
arched part ends at his center at an upper level with respect to
the two wings. In FIG. 8 it will be also noted that the patient
support guide 304 1s positioned at the top of the bench 303 and
it will be noted also the particular supporting wings 305 of
this particular bench 303; this supporting wings 305 may be
very uselul in case of heavy patients and 1n all that cases when
it 1s necessary to have a strong and well fixed structure for the
patient support. In FIGS. 5, 6 and 7 the patient support 1tself
1s represented by a seat with a movable back, being possible
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to use also a table, and being possible also to use a movable
scanner as shown in FIGS. 1, 2, 3, 4. In addition, the lateral
external wall of the scanner 301 includes a peripheral limb
rest 306 for supporting the arm or leg not being scanned, as
shown best in FIG. 6 wherein limb rest 306 1s cantilevered
from the scanner and supports one of the patients leg.

In FIG. 9 1t 1s shown another preferred embodiment of the

invention wherein the bench 403 has a external rounded
shape, as shown and disclosed for FIGS. 1, 2, 3, 4, but in FIG.
9 the overview shape of the bench 403 itself has only a
longitudinal extension, as shown and disclosed for FIGS. 5, 6,
7, 8. In this particular embodiment of the invention the scan-
ner 401 may translate along the bench 403 by using a scanner
guide 404, while the patient support 402 1s secured at one end
of the bench 403 and may only rotate about its vertical axis. In
this case the supporting bench 403 has a rounded cross sec-
tion, as said above, since the scanner 1s often less heavy than
the patient support with the patient himself, and there 1s no
need of a supporting shape 1n order to have a well fixed
structure. This leads to a less expensive apparatus but also a
less strong apparatus than the one shownin FIGS. 5, 6, 7, and

8.

In FIGS. 10 and 11 are illustrated the examination posi-
tions for arm/shoulder and leg/foot respectively. In FIGS. 10
and 11 the scanner 401 may translate along the scanner guide
404 as shown by black arrows, and the guide 404 1s positioned
as usual at the top of the bench 403. In this case the scanner
has only means for translating along the bench, while the
patient support may rotate only with respect to 1ts vertical axis
as shown by black arrows on the top of the drawings. In this
case 1t 1s evident that the means for rotating the patient sup-
port 402 1s only a rotational guide positioned under the patient
support 402 1tself and over the bench 403. From a comparison
between FIG. 6 and FIG. 11 1t 1s evident that the embodiment
of FIG. 6 takes less space than the embodiment of FI1G. 11 but,
as said before, the simple shape of the bench of the embodi-
ment shown 1n FIG. 11 1s cheaper. Thus 1t 1s possible to
choose the best configuration of the bench for the examina-
tion room 1n use. It 1s possible also to combine the two
solutions illustrated in FIGS. 5 and 9 1in order to have a bench
where 1t 1s possible to rotate/translate the scanner and the
patient support, this 1s a more versatile but more expensive
solution. The supporting bench 403 of F1G. 9 achieves all the
advantages disclosed for the supporting bench of FIGS. 1 and
5 and related to the comiortable positioning of the patient and
of the part of the patient under examination.

The fourth preferred embodiment is illustrated 1n FIG. 12.
In this case the supporting bench 503 has a longitudinal
extension substantially equal to the length of the scanner 501
plus the width of the patient support 502, while the supporting,
bench 503 has the same height as disclosed above, achieving,
the same advantages for the patient comiortable positioning,
related matter. In the preferred embodiment of FIG. 12, the
patient support 302 can rotate along a guide while the scanner
can rotate about its vertical axis in order to introduce the
patient part under examination in the examination cavity of
the scanner. It 1s evident from FIGS. 13, 14, 15 that the
scanner 501 and the patient support 502 work together in
order to achieve the right position. In particular in FI1G. 13 1s
shown the position for leg/foot examination, in FIG. 14 1s
shown the position for leit arm/shoulder examination, in FIG.
15 1s shown the position for right arm/shoulder examination.
It 1s evident that the present embodiment reduces a lot the
space used to position the patient under examination 1n the
examination room. This embodiment achieves the same
advantages disclosed before for FIGS. 1 to 11.
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In all the embodiments presented 1n FIGS. 1 to 15 the
supporting bench 3, 303, 403, 503 may have an internal
volume that can be used to locate all or at least part of the
clectric/electronic driving control and/or the electric/elec-
tronic apparatus for processing and generating images, this
leading to a space saving, that may be useful when the exami-
nation room 1s a small one. Moreover, 1n all these embodi-
ments 1t 1s possible to mount directly on the supporting bench
an 1maging unit, with a video and an operator seat and all the
imaging and driving control i order to position and to
execute the examination, this leading to a further space sav-
ng.

Furthermore, 1t should be noted that 1n these last cases, 1n
which the driving apparatus and/or the controls for driving,
for examination, and for imaging are mounted on a single
bench, there 1s no need to use lines located under the walls or
under the floor, being necessary only to have an electric line
that leads the main power supply to the MRI apparatus.

Although only preferred embodiments are specifically
illustrated and described herein, 1t will be appreciated that
many modifications and variations of the present invention
are possible 1n light of the above teachings without departing
from the spirit and intended scope of the invention.

The invention claimed 1s:
1. An mtegrated apparatus for MRI (Magnetic Resonance
Imaging) comprising:

a scannet,

a support for a patient, and

a supporting bench fully supporting a weight of both the
scanner and the patient support,

wherein said scanner and said patient support are mounted
on said supporting bench such that a position of at least
one ol the scanner and the patient support can be

changed with respect to the other of the scanner and the
patient support, and

wherein said supporting bench has a cross section that 1s 1n
a form of a central arched part ending on both sides with
two supporting wings, each one of said wings forming a
lateral V-shaped groove having opposing upwardly pro-
jecting sides, each wing starting from a terminal lateral
edge of the arched part and having a planar surface, a
center peak of said arched part defining an upper level
above the upwardly projecting side of the two wings.

2. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1, wherein at least one line that leads a
power supply to the MRI apparatus 1s housed 1n the support-
ing bench.

3. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1,

wherein said supporting bench has an mternal volume for
locating all or at least part of an electric/electronic driv-
ing control and/or an electric/electronic apparatus for
processing and generating images.

4. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1, wherein said supporting bench has a
height from ground substantially equal to a height of the
patient support from ground minus the thickness of the
patient support itself.

5. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 4, wherein said scanner has two degrees of
freedom with respect to said supporting bench.

6. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 5, wherein said scanner 1s mounted on said
supporting bench by means for rotating and/or translating
with respect to said supporting bench.
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7. The apparatus tor MRI (Magnetic Resonance Imaging)
according to claim 6, wherein rotation of said scanner 1s made
about a vertical axis.

8. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 6, wherein translation of said scanner
occurs along one or two horizontal axis, the first of which 1s
parallel with respect to the length of said supporting bench
and the second axis 1s perpendicular with respect to the first
one.

9. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 6, wherein said means for rotation/trans-
lation provided on said scanner are electrically/electronically
controlled.

10. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 6, wherein rotation and translation of said
scanner support are carried out simultaneously.

11. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 4, wherein 1n that said patient support has
two degrees of freedom with respect to said supporting bench.

12. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 4, wherein said patient support 1s mounted
on said supporting bench by means for rotating/translating
with respect to said supporting bench.

13. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 12, wherein said rotation of said patient
support 1s made about a vertical axis.

14. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 12, wherein said translation of said patient
support occurs along one or two horizontal axis, the first of
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which 1s parallel with respect to the length of said supporting
bench and the second axis 1s perpendicular with respect to the
first one.

15. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 12, wherein said means for rotation/trans-
lation provided on said patient support are electrically/elec-
tronically controlled.

16. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 12, wherein rotation and translation of said
patient support are carried out simultaneously.

17. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1, wherein said supporting bench has two
different guides for rotating and/or translating said patient
support and said scanner.

18. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1, wherein said supporting bench has a
height from ground substantially equal to a height of the
patient support from ground minus a thickness of a lower part
of an examination cavity of the scanner.

19. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 18, wherein said scanner has two degrees
of freedom with respect to said supporting bench.

20. The apparatus for MRI (Magnetic Resonance Imaging)
according to claim 1, wherein the supporting bench has a
height such that when the patient support 1s mounted on the
supporting bench, the patient support has a normal sitting,
height for a person.
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